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(54) TURBINE ROTOR 
(57)Abstract: 

PURPOSE: To inexpensively manufacture a rotor for a steam turbine excellent in creep 
breaking strength at a high temp, as well as tensile strength and toughness at a relatively low 
temp, by manufacturing the rotor with a low alloy steel having a specified compsn. 
CONSTITUTION: The steam turbine rotor is manufactured by the low alloy steel having a 
compsn. constituted of. by weight, 0.10 to 0.35% C, less than 0.3% Si, less than 1.0% Mn, 1.0 
to 2.0% Ni, 1.5 to 3.0% Cr, 0.9 to 1.3% Mo, 0.10 to 0.35% V. 0.01 to 0.15% Nb and 0.1 to 
1 .5% W, and the balance Fe. The turbine rotor in which the segregation of C on the central 
part of the rotor is suppressed, and small in brittleness as well as having a high creep 
breaking strength at a high temp, and high tensile strength even under the steam conditions 
of a relatively low temp, can be manufactured at a low cost. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The turbine rotor to which the presentation of a turbine rotor is characterized by consisting of 
Fe and the subordinate impurity of less than [ Si:0.3% ], less than [ Mn:1.0% ], nickel: 1.0-2.0%, Cr:1.5- 
3.0%, Mo:0.9-1.3%, V:0.10 - 0.35%, Nb:0.01-0.15%, W:0.1 - 1.5%, and the remainder C:0.10 to 0.35% 
by the weight ratio. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the turbine rotor which was excellent in hot 
creep rupture strength, and tensile strength and toughness vydth respect to amelioration of a turbine rotor, 
and aimed at reduction of a component segregation. [ in / comparatively / low temperature ] 
[0002] 

[Description of the Prior Art] From the place where Rota in a steam turbine is used under a severe 
condition, selection of the component is a matter very important when aiming at the life of a steam 
turbine, or improvement in an operating ratio, and, generally Rota of the different quality of the material 
according to a use steam condition is used. 

[0003] for example, in a large-sized steam turbine, as Rota material used by the elevated temperature 
and the high-tension side (for example, about 566 degrees C) The CrMoV steel which has the creep 
rupture strength excellent in the bottom of an elevated temperature which is specified to ASTM-A470 
(Class 8) is used, moreover, as Rota material for the low-tension sides (for example, 350 degrees C or 
less) The NiCrMoV steel which has 2.5% or more of nickel which is specified to ASTM-A470 (Class 2- 
7) is used. Rota which consists of the different quality of the material corresponding to these steam 
conditions is joined mechanically, respectively, and the steam turbine is constituted. In the on the other 
hand comparatively small steam turbine, high low voltage one apparatus Rota which usually constituted 
from the high-tension side to the low-tension side by one Rota which consists of the same ingredients is 
used. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there were the following troubles in the 
conventional steamy turbine rotor. That is, in the conventional large-sized steam turbine, since two or 
more Rota which consists of the different quality of the materials is joined and a turbine is constituted, 
while a production process becomes complicated, there are problems, like the installation tooth space of 
the whole turbine becomes large, and has become the cost rise factor of a plant. 
[0005] On the other hand, as a charge of high low voltage one apparatus Rota material used in the small 
steam turbine, since the CrMoV steel currently conventionally used although CrMoV steel and 
NiCrMoV steel are usually used was not enough satisfactory in respect of tensile strength, it had the 
problem that the magnitude of the aerofoil with which the low voltage last stage can be equipped was 
restricted. Moreover, when CrMoV steel carried out the impurity element under super-low for control of 
the embrittlement produced by long duration use, or improvement in creep rupture ductility or reduced 
Si and Mn, it also had the problem that the carbon (C) segregation in the Rota core was promoted. 
Furthermore, in the conventional NiCrMoV steel, although tensile strength was excellent, it lacked in 
creep rupture strength or toughness, and it had the problem that embrittlement tends to advance in a 
temperature region 350 degrees C or more. For this reason, in the conventional Rota material, when it 
was going to aim at improvement in effectiveness of a steam turbine by using an elevated-temperature 
steam and equipping with a long low voltage maximimi tail end aerofoil, there was a big limit, 
[0006] Moreover, as Rota material which was excellent in creep rupture strength or toughness, and was 
moreover excellent also in the tensile strength in a low-temperature region, although 12Cr steel is 
already developed, since it is expensive, this 12Cr steel has the problem of bringing about increase of a 
manufacturing cost, when this is used as Rota material. 

[0007] This invention is made in view of the trouble mentioned above, and it has high tensile strength 
under a low-temperature steam condition comparatively, and while creep rupture strength is large under 
a high temperature service and there is little embrittlement, the carbon (C) segregation in the Rota core 
is controlled, and it aims at offering a turbine rotor cheap also m cost. 
[0008] 

[Means for Solving the Problem] The presentation is a weight ratio and the turbine rotor of this 
invention is characterized by consisting of Fe and the subordinate unpurity of less than [ Si:0.3% ], less 
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than [ Mn:1.0% ], nickel: 1.0-2,0%, Cr:1.5-3.0%, Mo:0.9-1.3%, V:0.10 - 0.35%, Nb:0.01-0.15%, W:0.1 - 

1.5%, and the remamder C:0.10 to 0.35%. 

[0009] 

[Function] In the turbine rotor of the above-mentioned configuration, it has tensile strength 
comparatively high under a low-temperature steam condition, and while creep rupture strength is large 
under a high temperature service and there is little embrittlement, the carbon (C) segregation in the Rota 
core is controlled, and reinforcement is attained. 

[0010] In addition, the addition purpose of each component and the reason of presentation limitation in 
the turbine rotor of this invention are as follows. 
[0011] l.C (carbon) 

Although carbon makes stability the austenite phase at the time of hardening, carbide is generated 
further and tensile strength is raised, for that purpose, 0.10% or more is required. However, if 0.35% or 
more is exceeded, it not only reduces reinforcement on the contrary, but carbide v^U become 
superfluous and it will reduce notch toughness, therefore, a carbonaceous amount 0.10 - 0.35% of 
range - it may be 0.18 - 0.30% preferably. 
[0012] 2. Si (Silicon) 

Although added as a deoxidizer at the time of the dissolution, the part will remain in steel as an oxide, 
and silicon will have a bad influence on notch toughness, if this is added so much. Therefore, the 
addition of silicon is preferably made into 0.1% or less 0.3% or less. 
[0013] 3. Mn (Manganese) 

Although manganese is added as the deoxidation and a devulcanizing agent at the time of the 
dissolution, since notch toughness will fall if this is added so much, an addition is preferably made into 
0.7% or less 1.0% or less. 
[0014] 4. Nickel (Nickel) 

Nickel is an austenite generation element and is effective in making stability the austenite phase at the 
time of hardening heating, and preventing generation of a ferrite phase at the time of hardening cooling. 
Furthermore, it is effective in raising tensile strength and toughness. In order to acquire tensile strength 
and toughness required as a turbine rotor of this invention, addition exceeding 1.0% is required, 
however ~ since there are a fall of creep rupture strength and an inclination for embrittlement to be 
promoted, conversely when it adds exceeding 2.0% - an addition - 1.0 - 2.0% of range - it may be 1.3 
- 1.8% preferably. 
[0015] 5. Cr (Chromium) 

Chromium is an element required to aim at improvement in reinforcement or toughness while preventing 
oxidation. Although 1.5% or more needs to be added for this purpose, if 3.0% is exceeded, while notch 
toughness and reinforcement fall conversely, a journal property will fall, therefore, the addition of 
chromium - 1.5 - 3.0% of range - it may be 1.8 - 2.5% preferably. 
[0016] 6. Mo (Molybdenum) 

Molybdenum is an element effective in raising the hardenability of steel and raising tensile strength and 
creep rupture strength. In order to obtain tensile strength and creep rupture strength required as a turbine 
rotor of this invention, addition exceeding 0.9% is required. However, not only creep rupture strength 
falls conversely, but the fall of toughness will become remarkable if 1 .3% is exceeded. Moreover, the 
component segregation in the core of a turbine rotor, especially the segregation of C (carbon) also come 
to be accepted notably, therefore, the addition of molybdenum - 0.9 - 1.3% of range - it may be 1.0 - 
1.2% preferably. 
[0017] 7. V (Vanadium) 

Vanadium is an element effective in raising the hardenability of steel and raising creep rupture strength. 
Moreover, it is effective also for attaining detailed-ization of crystal grain, since notch toughness and 
reinforcement will fall if 0.35% is exceeded although 0.10% or more needs to be added to demonstrate 
the effectiveness - 0.10 - 0.35% of range - it may be 0.15 - 0.30% preferably. 
[0018] 8. Nb (Niobium) 

Niobium is an element which has effectiveness in detailed-ization of crystal grain. In order to 
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demonstrate the effectiveness, 0.01% or more needs to be added, however - if it adds exceeding 0.15%, 
since it will form conversely big and rough carbon nitride and notch toughness will be reduced — 0.01 - 
0.15% of range - it may be 0.02 - 0.10% preferably. 
[0019] 9. W (tungsten) 

By solid solution strengthening, a tungsten is an element effective in improvement in high temperature 
strength. In order to demonstrate the effectiveness, 0.1% or more needs to be added, however - since 
notch toughness will be reduced if it adds exceeding 1.5% - 0.1 - 1.5% of range - it may be 0.2 - 0.8% 
preferably. 

[0020] In addition, in case Fe as each above-mentioned component and a principal component is 

dissolved, little way of the impurity contained subordinate^ is desirable. 

[0021] 

[Example] Hereafter, those test results are explained to be an example and an example of a comparison 
with reference to drawing and a table. 

[0022] Table 1 shows the raw material combination component of the examples 1-8 of a comparison, 
and examples 1-5. 
[0023] 
[Table 1] 





C 


S i 


Mn 


N i 


Cy 


Mo 


V 


Nb 


W 


Fe 


m 
1^ 
m 


1 


0.27 


0.08 


0.52 


1.65 


2.20 


0.95 


0.22 


0.03 


0.62 


m 


2 


0.23 


0.07 


0.45 


1.63 


2.25 


1.12 


0.24 


0.02 


0.58 




3 


0.24 


0.08 


0.43 


1.'76 


2.22 


1.25 


0.25 


0.03 


0.49 


Tim 


4 


0.25 


0.07 


0.41 


1.71 


2.26 


1.05 


0.22 


0.02 


0.22 


^ 


5 


0.22 


0.06 


0.47 


1.73 


2.21 


1.07 


0.23 


0.02 


1.03 


KM 


it 


1 


0.29 


0.07 


0.77 


0.34 


1.10 


1.15 


0.22 








2 


0.24 


0.08 


0.23 


3.56 


1.84 


0.39 


0.12 








3 


0.25 


0.07 


0.51 


1.72 


2.21 


0.23 


0.22 


0,03 


0.51 




4 


0.22 


0.06 


0.38 


1.66 


2.17 


0.48 


0.25 


0.02 


0.45 




5 


0.28 


0.08 


0.44 


1.62 


2.28 


0.67 


0.23 


0.02 


0.61 


m 


6 


0.27 


0.09 


0.32 


t.78 


2.20 


1.46 


0.24 


0.03 


0.55 




7 


0.24 


0.06 


0.55 


1.71 


2.31 


1.72 


0.22 


0.03 


0.50 




8 


0.25 


0.07 


0.48 


1.70 


2.19 


1.91 


0.23 


0.03 


0.57 


mm 



In the examples 1-8 of a comparison, and examples 1-5, after having blended the raw material so that it 
might become a predetermined alloy presentation, respectively, and dissolving with a RF vacuum 
melting process, it cast to metal mold and the ingot was obtained. After cutting off the front face of this 
ingot by machining, it inserted in the oil fiimace, and it heated at 1200 degrees C, press forging was 
performed, and cogging was carried out to the round bar with a diameter of 30mm. 
[0024] In addition, the presentation of the example 1 of a comparison is equivalent to l%CrMoV steel 
currently conventionally used for the high-temperature-service turbine rotor of a thermal power station. 
Moreover, the presentation of the example 2 of a comparison is equivalent to 3.5%NiCrMoV steel 
currently conventionally used for the low-temperature-service turbine rotor of a thermal power station, 
the examples 3-8 of a comparison — present — although not used as turbine rotor material of business, in 
order to examine the effectiveness of Mo in this invention, it manufactures especially. The heat 
treatment conditions of the examples 1-8 of a comparison and examples 1-5 are shown in Table 2. 
[0025] 
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[Table 2] 







m A 




m 
m 


1 


1100'Cx10hr, J!FJ^ 


930 •CxlOhr. 1M X^/hri^ai 


650 t:x21hP. s??^ 


2 


llOO-CxlOhr, jSp?$ 


930 icxIOhr, 100 x^/timm 


650 X:x22hP. 


3 


1100X:xlOhP, jtpf# 


930 XJxlOhp, 100 iC/hri^ffl 


650 t:x24hp. 


4 


1100rxlOhr. jP?^ 


930 TCxIOhr, 100 X:/hr?^# 


650 'Cx20hP, 2?^ 


5 


llOffCxIOhr. jp?^ 


930 t:xiohr. 100 x:/mm 


650 X:x25hP, 


it 

m 


1 


Il00*cxl0hr. 


970 rxlOhr, 100 n/hrl^m 


670 x:x20hp. 


2 


950rx10hr. 


840 X:x10hr. 100 X^/hmm 


600 'Cx20hP. 


3 


11flOX:xlOhr. ^i^ 


.930 rxlOhr. 100 X:/hr?^jJl 


650 rxIShr. 


4 


11flOx:xiOhr, TO 


930 rxiohr, 100 x:/hp?tai 


650 X:x18hP, s?^ 


5 


11QOX:xlOhr. TO 


930 rxiohp. 100 x:/mm 


650 -CxIShP, 


6 


noox:xiot»p, to 


930 x^xiohp, 100 x:/timm 


650 rxZbhP. 


7 


1100t:xlOhp. TO 


930 Tcxiohp. 100 x:/mm 


650 1Cx27hP. 


8 


iioox:xiohp, TO 


930 x^xiobp. 100 x:/hp?&jai 


650 1CX30hP, S?^ 



Next, each test specimen was machined, the test piece was produced, and the tension test, the Charpy 
impact test, and the creep rupture test were performed. The result of a tension test and a Charpy impact 
test is shown in Table 3, and the result of a creep rupture test is shown in Table 4. 
[0026] 





3mmk 






m 




0.2sqB:^ 






®«{| 


FATT* 




(kgf/niiD^ ) 


(kgfW ) 


(%) 


(%) 


(hgf/cn^ ) 


i%) 


m 


1 


90.1 


75.6 


23.4 


58.7 


13.8 


+10 




2 


90.8 


76.3 


22.4 


60.3 


12.1 


+17 




3 


89.3 


75.7 


22.8 


63.2 


13.0 


+15 




4 


88.7 


74.9 


21.9 


59.5 


13.6 


+ 8 


m 


5 


89.6 


75.3 


22.3 


62.8 


11.9 


+21 


it 


1 


80.5 


65.7 


23.2 


59.6 


1.2 


+95 




2 


92.6 


77.3 


23.5 


66.5 


20.1 


-20 




3 


88.3 


74.2 


23.7 


64.7 


13.5 


+12 


n 


4 


89.7 


75.1 


21.9 


59.6 


12.7 


+15 




5 


88.5 


74.0 


22.2 


63.4 


13.9 


+10 




6 


90.2 


75.5 


19.7 


50.2 


8.4 


+31 




7 


89.7 


75.2 


18.5 


51.3 


7.1 


+42 




8 


88.6 


73.8 


18.1 


48.7 


6.3 


+56 



* F ATT : KBi|**»^^«>yt:5itt • ItttS^Sfi 
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[Table 4] 







iCikaiK: 6 0 ox: 


m 






: 14kgf/iDiD 


2 




17kgf/iii^ 








mm 




m 






m 






(hr) 


(%) 


(%) 


(hr) 


(%) 


{%) 




1 


3241.7 


30.8 


58.6 


1424.3 


28.2 


55.9 




2 


3811.5 


30.3 


59.2 


1676.1 


27.4 


64.3 


m 


3 


3376. 1 


28.0 


57.3 


1528.4 


29.3 


68.7 




4 


3207.0 


29.5 


54.8 


1507.8 


27.9 


65.4 


m 


5 


4113.5 


28.3 


54.5 


1719,1 


27.5 


64.3 




I 


3502. 1 


35.0 


65.2 


1480.2 


36.8 


74.8 


it 


2 


213.0 


30.8 


60.7 


84.5 


34.5 


74.0 




3 


821.4 


30.1 


59.6 


321.7 


30.1 


65.7 




4 


1107.8 


28.4 


58.4 


514.3 


31.3 


67.4 




5 


1S23.2 


33.2 


62.3 


723.4 


32.7 


68.7 




6 


2241.2 


. 35.1 


65.2 


817.6 


29.2 


65.2 




7 


1817.3 


29.7 


63.7 


742.6 


34.3 


70.3 




8 


1072.4 


34.7 


63.4 


526.7 


29.5 


66.3 



In addition, the tension test was performed at the room temperature. Moreover, the elongation after 
fracture and a diaphragm are also doubled and shown in Table 3. 

[0027] The Charpy impact test was carried out at two or more temperature of the range from a room 

temperature to 200 degrees C, and asked for fracture transition temperature. A creep rupture test is 14 

kgf^mm2 at 600 degrees C. And 17kgfi^nmi2 It carried out having applied stress. 

[0028] Moreover, when a turbine rotor is manufactured, in order to carry out comparative evaluation of 

component segregation extent of C (carbon) in the Rota core about the examples 1-3 of a comparison, 5, 

6 and 8, and examples 1-3, the 500kg [ per each ] ingot was manufactured and C (carbon) content in a 

core was evaluated. The rate of C(carbon) % in the upper part of the ingot to C(carbon) % in the lower 

part of an ingot will be defined as a "segregation ratio", and the result of the "segregation ratio" of each 

ingredient is shown in Table 5. 

[0029] 

[Table 5] 
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m 






1 


1.15 




2 


1.18 






1.20 


ifc 


1 

J. 


1.12 




2 


1.11 




3 


1.13 




5 


1.12 


m 


6 


1.53 




8 


1.82 



Based on the above result, the result of havmg arranged fracture transition temperature, creep rupture 
time, and a "segregation ratio" with Mo content is shown in drawing 1 . 

[0030] If these experimental results are considered, from the test resuh first shown in Table 3, the 
examples 1-5 concerning this invention will all show an EQC or the good tensile strength beyond it, 
proof stress, elongation, and a diaphragm compared with the examples 1-8 of a comparison, and fully 
having the mechanical property in comparatively low temperature will be understood. Especially, each 
example has the all remarkable improvement in reinforcement compared with the example 1 of a 
comparison, and fracture transition temperature is also low (if it puts in another way improvement in 
toughness). 

[0031] next, even if each boils markedly the examples 1-5 concerning this invention compared with the 
examples 2-8 of a comparison, they have good creep rupture time from the test result shown in Table 4 
and being compared with the example 1 of a comparison which is the conventional Rota material for 
high pressure turbines, it turns out tiiat the property which is not inferiority is shown. Furthermore, the 
examples 1-3 concerning this invention are the Rota material for high pressure turbines and the 
conventional Rota material for low pressure turbines, and conventional "segregation ratio" with almost 
small equivalent level which are shown in the examples 1 and 2 of a comparison while it is markedly 
alike compared v^th the examples 6 and 8 of a comparison and small "segregation ratio" is shown from 
the test resuh of Table 5, and it is understood that the turbine rotor concerning this invention does not 
produce the problem about the component segregation on manufacture, 
[0032] According to drawing 1 which arranged these results with Mo content, it will be clearly 
understood in the range whose Mo content is 0.9 - 1.3% that any property of toughness, creep rupture 
time, and a "segregation ratio" is extremely excellent. 
[0033] 

[Effect of the Invention] As explained above, since it is equipped with high creep rupture strength, the 
turbine rotor concerning this invention can be continued and used for the bottom of an elevated- 
temperature steamy environment at a long period of time, while it enables use of a long aerofoil at a low 
voltage stage side, since tensile strength and toughness are excellent. 



[Translation done.] 
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[miS] i^-\fyvi~:S'<r>m^mMitx\ C : 0. 

10-0. 3 5%, Si :0. 3%OT, Mn : 1 . 0 
Ni : 1. 0-2. 0%, Cr : 1. 5-3. 
0%, Mo : 0. 9-1. 3%, V: 0. 10-0. 3 
5%, Nb : 0. 0 1-0. 1 5%. W: 0. 1-1. 
5%, mx/m<^Fetiimmmitf*^^j:hZbi: 
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1 

C : 0. 10-0. 35%, Si : 0. 3%OT, M 
n : 1 . 0%lilT. N i : 1 . 0~2 . 0%. C r : 
1 . 5-3. 0%, Mo : 0. 9-1 . 3%. V : 0. 
1 0-0. 3 5%, Nb : 0. 0 1-0. 1 5%, W: 

0. 1-1. 5%. i3Xx/m^<nF e tfmmmm^ 

lOOOl] 

[0002] 

i^ffym'i m.^-'icy\.zmhu-nt=m^j:^ 
xmwj:9mx'h'i. -m^z. imm^^mziBtxm 

[00031 mm. :*Ji@gS^^'-t'yCfcv^-CJi, IS 

ttbbXli. ASTM-A4 7 0 (Class 8) izM^^ 

tix\>^iXo 'SriSfflT-csyi^^ u -rmmmi:tt 

:^Cr Mo vmfJ^tm^tl. tfz. ffiEffl3 (09i.{f 3 5 
O-COT) fflo-^'ttfcLTJi, ASTM-A4 7 0 
(Class 2-7) (iS^§ixTV%2,J:3!3r2. 5%CUi 
<ONii&W-fl>NiCrMoVi|*ifiEffl$tl., Zil^^Wi 

ffll*»^> ISEiSJ* T'$r ^ S -*Oo- (c J: 

[00041 

w*.. m:<^Kmms^^-'t'y^zi5\,^x^i. 

[0005] -U. '\^M^^-\:yi,zis\<^xm^^ti 

x\>^i>mmr-imo-i^mmt ixa. a^c rM 

fflS*l.-C k^S C r M o V«J(45l3^BS«OjSit:'-HJ-lc3f £ 

:fz^^mm^ti&b\''^o^m^s>-yfz. ^Jt. crM 
nmmt(r)}fii±<7)tci!bi,zT-uwcmi:m&T tfc o , 
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2 

(C) Mff*«Bl!);a$nSi;V^^raSt>J)o^c. §f>tc, 
(s!*<?DN i C rMoVSJttJV>t»4, 5l5iKiS<4ffia-C 

i^o^' 'j-rjRllir3iiffi^ttCX»t, 3 5 0 

mss.f-h'yffmm\fi}±.mbdki-i>m^iz±^tiM 

[0006] iJt, f'V-rm^'^^mzmi. i 
10 ij->i,i&mix(^mmizhmit:n—}fi^b Lxtt, 

■fX'fcl 2Cr^*<^l6$^^•CV^|,*^, C:c012Crl9 

immxhhtzify. ztit:r3-9MbLxm\''^ibmk 

a:z,}^<r>m±i:hfz(itb^^dWimf}ihi. 
[00071 *l6HM±a t^raia^{c«*T^:§*T/>: 

hcox'h*). imff^iS:M<Dm^f^Tizti^^xn\^3m 
M# (c) {i«f*WJ$fL, axhmzi,^fs^j:if-\: 

y D-:? SrlSflt-r s d t S: a Wi: -rs . 
20 [00081 

14, -ecOJBjigA^MifC, C : 0 . 1 0-0 . 3 5%, 
S i : 0 . 3%OT, Mn : 1 . 0%JaT, N i : 1 . 

0- 2. 0%, Cr : 1. 5-3. 0%, Mo : 0. 9 
— 1. 3%, V: 0. 10—0. 3 5%, Nb : 0. 0 

1- 0. 15%, W:0. 1-1. 5%,i5XV^(0 

F e bimmmifih^hzb ^i#at-rs t<^T*> 

[0009] 

m<^m§i^rx^\>^3mmi^i. miamnz 
tic, ^-:^'¥'L'^x<^m (c) mmmm^ti. ^ 

[00101 ^fc, *l6Hflcr)^'-t'yD-^'{Cfcltl.# 

[001 1] 1. c (m) 

^umxiimzt5ifh:^-x7'i-^ hm^imzi. 

^t,lzmtm^lX3\^J^i:m)^?>ii^. ^(Ofzif) 
40 iZiiO. 10%a±ii!i^Thh. U>LO. 3 5%Jil 
±.i:miibStimil^mib^j:'0 . *>;toT3SlS&fiT 

m<OM.liO. 10-0. 3 5%WISH, »4L<«40. 
18-0. 30%fc^5. 
[0012] 2. Si (j^Uny) 

3yj4^»^c7)KiE»lfc txmw^tii> hcox'hi> 
tfi. ztii^miizma-t&b. ^(o-^ti^imbLx 

^)ziy<r)mmiO. 3%WT, mL<\to. 1%W 

50 Tt-rs. 
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[00 13] 3. Mn {-^yijy) 

<r)X.mmi\. 0%OT, »l:L<«0. 7%OT 
[00 14] 4. Ni (--y^r;!,) 

yu—9t Lx-mts:^\m's^'m'<^^mt:L^\z\t 

1. 0%SrSxSS§i]!)D*<it®T*>«.. t*»L. 2. 0% 

W(i^'^ixhmifihh<n-x:.mmt\. o~ 

2. 0%WOT, iif*L<«il. 3-1. 8%fct6. 
[00 15] 5. Cr (i^oA) 

ffiT-tl.. ^'oAtoaaiPMJil . 5-3. 0% 

OEffl. iiFtKJil. 8~2. 5%btl. 
[0016] 6. Mo (tUT'TV) 

-}z'ya-:?tlxm^j:B\im&'^^ V-vWSim. 

*>t, 1. 3%imi^t. wiz^v-rm^miSi 
-h'yu-^cr,'iimizm'r&&»mvi. nizc 30 
uT'TycoafeSDftti, 0. 9~i. 3%(om.ntL* 
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*<{il. 0-1. 2%i:-tl). 
[0017] 7. V (yN'r)->;>>A) 

ij^i^ii<^i>zm^^mx'hh, ttc, ^mmmt 
imm-i(rnzi>tmmx'hh, -i^m^k^m^'th 
wio. io%i:j±<DmWiii^X'hiifi. 0. 35% 

*Si.Si:«I^i;a5ltt^3SiS3&*fiT-t4«r, 0. 10- 
0. 3 5%<0^. »iL<«0. 15-0. 3 0%fc 

[0018] 8. Nb {~yt:r) 

~^yti^m.(owMiUz^^ibi7mx'hh, 

xhh> u>L. 0. v5%imx.xmsti>t.m,z 
mk^j:mmm^Lx'i}im^mf^'th(nx\ 

0. 0 1-0. 1 5%<0«H, iSF*L<J40. 0 2- 

0. io%i:-rs. 

[00191 9. W(^y^XT>') 

^TC^-Cfel.. -eo»*S:l6»$-a:S^^*K{40. 1% 
UU:<oaSaD*5i£®-C'*«.. t*»t. l. 5%«-S;lTai 
Jirtl.fc«XI53tt$rffiT$-ti-|.0-C\ 0. 1-1. 5% 
COKH. ifftK^O. 2-0. 8%tt^. 
[ 0 0 2 0 ] ^rfe, lMLtz^mti5iJ/i.mtt LX 

«F e mm-fh^tzmm^z^^tihT^ui'M-^ji^^ 

[0021] 

[0 0 2 2 ] SUiltlS!0«l-8fcJ:t^llJ60!ll-5<O 

[00231 
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it" t^m-tizt^zL. -mmit" w^ms: 

nsizjfrr, 
[0029] 



m 


{i«rJfc 


m 


1 


1.15 




2 


1.18 


m 


3 


1.20 


it 


1 


1.12 




2 


1.11 




3 


1.13 




5 


1.12 


m 


6 


1.53 




8 


1.82 



liZTsi-t. 

[0030] zii(>(r>mt^mz'^\^x^th t , ^ 

~ 5 J± V ^-f it t Jt!8^ 1 ~ 8 {cJt^T |5ll? t U «i -en 

I. itmm^mxmm^^tMii-f^i.zmix^^i, 
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zbimm^iii. niz^&mmmii^^-nihitminz 
it^hb^m\pi±ii'mL<. mmmhi&< m 

100 3 1 ] 'AiZ, m4i,ZipUzWmi^i}'(>, 

^zij^i)- h mmm i ~ 5 m ^-m t, Jtn?^ 2-8 ^zitKx 
tsmzm^^^ u -rma^i^txti*) . m^n 
EE^-t'ymn-^tlTf>iitmil kit^x{>mm 
\>^^^^Lx\>^hzbtfi^9}^i,. ?f>(c. mscrimk 
mm-ti>. ^m^zi}>ij>imim i ~ 3 itmrn e . s 

m\, 2\,z7fcrm<r>^s.^-'€ym^—?mi.t/^ 
S:9-\zymu-'?uta\mm]^^)Vff)>\^^tj: -{f^ 

[0032] Ztl(i<r>^^ M o LJtH 1 

KJ:il{f, Mo^W**«0. 9~1. 3%<r>m&X\m 

it>x mix i^hzt ifimtizm^^tiji o . 

20 [0033] 

t-ya—fii. 3\^mt^m<mtx\.^?>fz(6im^ 
mi<z^m<Dimi:-^mt^itbi»iz. m^^i'U-rm 
mm^mi.x\^i>zbij-(>m&MmmTizt3K^xi, 
mm^zB. nxm^ ^zb ifiT^ & . 

[01 ] mmw^m. ^o-vimm. mx/ -m 

h. 

30 
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